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(54) Title: MULTIPLEX L1GATIONS-DEPENDENT AMPLIFICATION 
(57) Abstract 

A method of multiplex amplification features a plurality of split probe 
reagents ("SPRs") each of which includes a target specific region defined by its 
3* and 5' ends and, in non-compiementary regions ("NCRs"), primer binding sites 
C'PBSs-) mat are common to each split probe reagent. The 3' and 5* ends of 
each SPR are ligated together only when hybridized to its target-specific template 
strand but, once joined, all SPRs can be amplified by a common primer set in a 
PGR reaction. SPRs may be a continuous strand, the ends of which are ligatable 
to form a loop, or they may be distinct polynucleotide pairs. Specialized sequence 
segments may be employed to facilitate detection on the basis of specific sequences 
and/or length. 
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Multiplex L1gat1ons-dependent Amplification 

Eidd qL lh& Invention 

The invention relates to methods for amplifying and detecting a target 
nucleic acid sequence and, more particularly, to a method for specifically 
amplifying multiple target sequences using a single pair of primers. 

5 Background of the Invention 

One well-known method for amplification of target nucleic acids is the 
polymerase chain reaction (PCR). In PCR two primers (of opposite "sense") are 
employed in excess to hybridize at the outside ends of complementary strands 
of the target nucleic acid. The primers are each extended by a polymerase using 

1 0 the target nucleic acid as a template. The extension products are dissociated 
from the original target strand and the extension product of one primer 
becomes template for extension of the other primer as' is well understood inihe 
art. The cycle of dissociation, reannealing and extension is repeated to increase 
geometrically the number of target sequence molecules. PCR is described 

1 5 further in U.S. Patents 4,683,195 and 4,683,202, both incorporated herein by 
reference. 

An alternate mechanism for amplification of target nucleic acids is 
known as ligase chain reaction. (LCR). In LCR, two sets of probe partners are 
used which includes one set of primary probes (first and second probe partners) 

20 and a second set of secondary probes (third and fourth probe partners) all of 
which are employed in excess. One probe partner hybridizes to a first segment 
of the target strand and the other probe partner hybridizes to a second segment 
of the same target strand, the first and second segments being contiguous 
(either with or without a template-dependent correction step) so that the 

25 primary probes abut one another in 5' phosphate-3' hydroxyl relationship and 
so that a ligase enzyme or other reagent can covalently fuse or ligate the two 
probes of the partner set into a fused product. In addition, a third (secondary) 
probe can hybridize to a portion of the first probe and a fourth (secondary) 
probe can hybridize to a portion of the second probe in a similar abutting 

30 fashion, either with or without correction. Of course, if the target is initially 
double stranded, the secondary probes will also hybridize to the target 
complement in the first instance. Once the fused strand of primary probes is 
separated from the target strand, it will hybridize with the third and fourth 

1 
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multiplex reaction to optimize signal development by changing cycle 
parameters (e.g. cycle time, cycle temperature or the number of cycles) from one 
pnmer/probe set to another; all must amplify within a constant set of cycle 
parameters. This has necessitated careful titration of primer/probe 
concentrations and has resulted in compromises that reduce the overall 
efficiency of amplification. 

The generation of circularized probes following a target specific ligation 
step has been described by Nilsson et al. in Science. 256:2085-2088 (1994) The 
circularized probes, dubbed "padlock probes" due to their catenation with the 
target, were used for the identification of clones in genomic libraries, fragments 
in blots of whole genomes or for in-situ analysis of chromosomes. The ability 
to perform direct hybridization assays with reduced background is possible by 
removal of label from unligated probes, either by alkaline phosphatase 
cleaveage of 32 P label , or by exonudeo]ytic degradation q{ ^ un ^ btidted 
oligonucleotide probes. Circularized probes are resistant to label removal and 
degradation since they contain no free 5' or 3' ends. 



BNSDOCin: <WO 961SP71A1 ) > 



3 



WO 96/15271 



PCT/US9S/14886 



Sin 




common primer pair „ £ - • single 

> targe, sequence. nm , . ^ ' *-* for each 

"action conditions can be 0*^17 h "V" ""P^non and me 
efficiency of amplification. ? " Smgk * •» maximize the 

; In a fist a S pect. the invention is a method for am„i if „- 
acid sequence comprising: amplifying , targe, nudeic 

(a) forming a reaction mixture under . 

W « «mpie suspecteTof^!'- ^ 8 C ° ndili0ns wi * 

-rge, sequence of ^^ e ~? * "—-««. a 

stranded form; g bemg P resem » single 

co^en^ t0 a second ^ ^ "" nd - * 3 ' «• 
segment being sufficiently neJthTnrs £l T T* *" ^ 
joined to me 3' end ..... . "S™"' such *•« S' end can be 

strand. ^JZ^^7^Z " ^ - 

polynucleotides or on different m0nlw *■*«* 

* P-be reagen, * ™ «" «■-» fcleo^ 

located downstream of me 5" end and „ . n ° n - com P len »*»ry region 
strand, and a second J££^S?T*" " "* ^ 
- end and no, ^P^IZZ^Z^ ~ * - 

probe Z£ a8em fM ^ ' 0Se,her ~» 3 ' a " d S ' «* °< - spH, 

0>) ligating together said 3' and 5' ends .• 
hybridized „i, h the , arget sttand * SPI" Probe reagen, whi,e 

ligation junction; gated P robe having a 

(c) separating the ligatea probe from the target strand- 
W) treating the reaction mixture under hvbnH 

complementary to a primer binding site^ ^ ' 
comple region; and wher ^ a ** non- 

•dental to a site ("PBS' '') Jocated in said second non , 



I 



WO 96/15271 



PCT/US9S/14886 



(ii) a supply of deoxynucleotide triphosphates; and 

(iii) an agent for inducing extension of the primers; 

(e) extending the first primer to form an extension product 
therefrom; 

(f) treating the reaction mixture under denaturing conditions to 
separate primer extension products from their templates; 

(g) treating the reaction mixture under hybridizing conditions to 
anneal the primers to the ligated probe or to extension product of the first 
primer and extending the primers to form extension products therefrom. 

In a multiplex system, there is generally one or more split probe reagents 
("SPR") for each target one desires to detect. Each SPR has a 375' end specific 
for a different particular target, and has two sequence segments common to all 
SPRs that serve as primer binding sites ("PBS") or complements thereof (the so- 
called PBS' site). 

Preferably the agents for ligating and for inducing extension are 
enzymatic agents such as a DNA ligase and DNA polymerase, respectively The 
polymerase is preferably thermostable. Since the ligase need not be active 
through the cycling steps, it generally need not be thermostable, but in cases 
where hybridization is performed under stringent conditions, (e.g. high 
tempreature) some degree of thermostability may be desirable. Generally steps 
(f) and (g) are repeated from 2 to 100 times, more typically from 15 to 50 times. 

It may be preferable to include specialized segments for detection within 
the SPR m a location that will be amplified by the primers. These segments 
may include another sequence that is common for each SPR/target, specific for 
25 each SPR/target, or sequences located between the PBSs that vary sufficiently in 
length that amplification products from one SPR can be distinguished from 
amplification products from a different SPR on the basis of length differences. 

It may be desirable to separate unligated SPR from the reaction mixture 
either before or after the ligating step, but prior to amplification. This may be 
30 accomplished by removal of the SPRrtarget complexes or, in one embodiment, 
by degradation of excess single stranded SPRs. 

In another aspect, the invention is a kit containing the reagents 
necessary to perform the above methods, and optionally including instructions 
for use. The reagents may be in one or more containers and will include at 
35 least: 

(a) one least one split probe reagent as defined above for each target to 
be detected; 

(b) an agent for ligating the split probe reagent; 
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(c) primers as defined above- 

gent for inducing extension of the primers. 
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Detailed DescripHn^ ft f tho Tnvpn t j nn 

The various aspects of the present invention will now be described in 
more detail. It will be noted that all publications, patents and published patent 
application mentioned herein are incorporated in their entirety. 

A. Terminology 

"Amplification" refers to the process by which additional copies of a 
target sequence are synthesized. Generally amplification involves repeated 
cycles of annealing, synthesis and denaruration. Synthesis is typically by a 
process of extension or elongation. "Multiplex" amplification refers to an 
amplication process wherein a plurality of distinct target sequences are 
amplified simultaneously in the same cycles of amplification. Plurality means 
at least two, preferably three or more distinct sequences. 

"Split probe reagent" or "SPR" refers to a reagent that is one or two 
polynucleotides which include ends complementary to a specific target nucleic 
acid sequence. "Polynucleotide" includes non-natural binding reagents, such as 
peptide nucleic acid analogs (PNAs), that are capable of specifically binding to 
natural nucleic acids. A split probe reagent ("SPR"), whether consisting of one 
or two polynucleotides, generally has total length between 20 and several 
hundred nucleotides. More typically, the length of a single, continuous split 
probe reagent is between about 50 and 300 nucleotides; and the length of each 
half of a dual split probe reagent is between about 15 and 100 nucleotides 
mile the minimum length is important, the maximum length is dictated 
only by manufacturing economy and practicality. 

Split probe reagents can be made by synthetic methods such as the 
phosphoramidite or H-phosphonate methods, particularly when shorter probes 
are desired, or they can be made by standard cloning methods. It is also possible 
to synthesize a split probe reagent in one or more smaller fragments and to 
hgate the fragments together in a desired order using one or more synthetic 
templates that span the assembly junctions. Alternatively, a single strand 
template can be synthesized and large quantities of a complementary split probe 
reagent can be manufactured using a polymerase and a single primer that 
hybridizes to the template at the 3' end. 

"End" refers to a region or segment of a polynucleotide which includes 
the terminus and the next several adjacent nucleotides. The precise length of 
an "end" is relatively unimportant and variable. For example in the split probe 
reagent, an "end" may include up to the last 50 nucleotides of the probe 
usually up to the last 30 and more typically the last 5 to 25 or so nucleotides 
"End" may refer to either the 5' end or the 3' end. In the case of a split probe 
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Thus a high G:C content and longer probe lengths impact the "hybridization 
conditions" by elevating the melt temperature. 

Once probes are selected for a given diagnostic application, the G C 
content and length will be known and can be accounted for in determining 
precisely what "hybridization conditions" will encompass. Since ionic strLth 
s typically optimized for enzymatic activity, the only parameter left to va 'T 
the temperahire For improved specificity, the hybridization temperature* 
elected slightly below the Tm of the probe; typically 2-15 • C below the Tm 
Thus, obtairung suitable "hybridization conditions" for a particular probe set 
and system is well within ordinary skill of one practicing this art 

Conversely "denaturing" or "dissociating" conditions refer to conditions 
whe„ stringency is increased such that a given probe or probes no longer 
hybridize. For example, under given ionic conditions increasing the 
temperature to a point 5-15' C above the Tm of a probe.template duplex results 
in a denaturing condition. P te 

"Ligate" means to covaiently join. Agents for ligating include 
enzymatic, chemical and photochemical means. Preferred enzymatic lieatine 
agents mclude DNA ligases and the like. Thermostability is not reared o7 
these ligating agents. Suitable enzymatic ligases are commercially available 

bZ .IT 0118 S ° UrCeS ' SUCh " ^ England Bi ° Iabs ' Strata ^ Molecular 
Biology Resources, and others. Photochemical ligation methods are also 

known m the art. See e.g. EP-A-0 324 616 (Amoco) and WO90/01069 (Segev) 

rr e ; S ° f SpHt Pr ° be are **** a ligation junction I 

formed. .The ligation junction should be formed so as not to interfere with the 
ligated product serving as template in subsequent cycles. 

"Extend" means to grow or to make longer as is well known in the art of 
primer extension and polymerase chain reactions, and generally employs an 

Lclud T dUCmg i eXten , Si0n and 3 tem P lat - Agents for inducing extension 
include, for example, polymerases and reverse transcriptases. As in PCR 
preferably -the agent for inducing extension is thermostable in order to ' 
withstand the denaturing conditions of strand separation. Numerous 
thermostable polymerases are commercially available, including those derived 
from Thermus aquaticus ("T aq ") and Thermus flavus {"Tfl") organisms 
Enzyme fragments, such as Klenow and Stoffel, that have the ability to extend 
are included within inducing agents. 

"Primer" is used with its conventional meaning and refers to an 
ohgonucleotide which can be used for a template-directed extension reaction 
For example, when an oligonucleotide having a free 3' hydroxyl is hybridized 
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for which the invention Tj p Z l ? ^ ' — 
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Mtsmatches can be distinguished when they occur a. or near either the 5' or y 
"of the split probe reagent, or in the gap if a gap-fiUing split probe is 
emp.oyed. The advantage of the present invention permits amplification bv a 
common pnmer pair, but only if the desired allele was present in the first 
instance to ensure the ligation junction. 

"Affinity member" refers to either member of a pair of specific binding 
ugands. An affinity member thus always has a corresponding or omer^mt. 
» which it wai specifically bind. Many examples of such J£ £lZT 
known and mclude an.ibody-h.pten pairs, complementary polynucleotide 

nudL Ictr, ^ SUS " AKtin Pate ' P" tei "—P'« lZ nucleic acid- 
nucleic acid binding protein pairs and the like. 

The term "label" refers to a molecule or moiety having a property or 
characters which is capable of deletion. A label may be d* Jy defile as 
with radtoKotopes. fluorophores or chemi.umiphores; or a label Ly bT 

at^ 7^ " ~* " tails. When indirect 

labels are used for detection or signalling purposes, they are used in 

conjunction with a selling entity complex. A "signalling entity" is a 

molecule or moien- which provides the detecuble proper* or characteristic 

The MgnaUtng enti.y may be direct, as with a colloidal particle (e.g. colloidal 

gold or selemum); or i, may be indirect, as with an enzyme (e.g. alkaline 

phosphatase. P-galactosidase or horseradish peroxidase). Indirect signalling 

n ti ties may require additional component e.g. substrate, as is welfklwn in 

o soT-i, ' T S * C ° mPleX " mdud « 3 -tity coniugated 

-o speuftc omdmg partner, such as an antibody or polynucleotide. Such' 
conjugates may be prepared according to any known method of conjugation. 
B. Methods of the Invention 

The invention will now be described with reference to the drawine 

another embodiment. Also. Figures, 1 and 3 depict what happens when target 

be p n r zi rr 2 r d 4 depict whai happens when » » *i« 

be noted that the subparts (a-h, of Figures 1-4 represent the same corresponding 
^ of .he process in each of these Figures. For ease of discussion, the Figures 
and the ensumg desenption describe amplification and detection of a single 
target. However, the true advantage of the invention is realized when 
multiple targets are amplified and detected at one time using multiple split 
probe reagents, one specific for each target and each having in common L 
sequences for primer binding sites. 
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As mentioned previously, there are twn _ • 
■"vention. Referring fe, to ^ "^.TnT" embodtaen * °' 'he 
comprises a continuous sinrie^Ld'^ , P ^ ""S'™ ( " SPR "> 10 
»°°oimen, (Figure 3, aeS^^^T* «» <*« n,a,or 
halves SI and 51 Since many elemen" a^l7 !' '""'""^tides or 
*ey are designated with ^1 *° «*««■»■*. 

a » • «- «ep of the ZZ^T' y ~ 
under hybridize conditions with a " " SPR " fc «"*»•□ 
nucieic acid seouence. M „ showTin^™ T** ' 
1 5 end 14 «- 3' end 16 which are cornXlL ' *•'** 10 " 50 tad <^« 
with the Urge, 12 „ adjscem o,"^ 16 ™ 6 "^ to » d hybridize specify 
*e 5- end 14 to the 3' « I6 ZZ j^"" of 
DNA ligases are capable of covdenL " " ^ " « that 
Phosphate and a , '^4^,^^ ^ ^ 3 5 ' 
lommg methods may be used when the p„Z ° n 3 ' emplatt °*« 

For example, bom chemical and clt-hem^T "* ""^ **«n t. 
"escribed in the ar, (See EP-A-0 324 ^ ™'" 'ouung methods have been 

W being fiUed prior to joining 8 £ ^^tT " d 
'our nucleotide Phosphate, ™" 3 W * «- *an au 
"> the art and U described in U S 5 IBS^ n m S is weU »™ 

EP-A-0 439 ,82 (Abbot,). ' 1& ' 243 EP ^ ™ 864 (Carr), and 

* *■ .arge, seouence. 'ihes « «" ™ -Plementary 

( NCR") a which is downstream oT*f, ;;* re : """-""P'^entary re g 7on : 

complementary region ("NCR"} ?a „ u • ~ ' 3 Second ™n- 

tot NCR 22 typicany extends dovj^" ' igattd P robe *> *e 

Similarly, second NCR 24 extends upste am t"" *° "» 3 " 
However. SPR 10 (and ligated probe Ts " "* 5 ' end ' 

«™nd looping back on iLf I Ti s el 3 ^ «"*«»«• 

on.y up to the second NCR 24 ^^T^ *« N « » « extend 
— - ca,o, ovenap. „ „ 
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NCRs converge. To simplify the discussion, it will be presumed that the point 
of convergence is arbitrarily set nearer to the 5' end, i.e. in the lower left portion 
of the loop (see Figures) and that the 5' ends of the primer binding sites (see 
below) define the boundary of the NCRs. In this way, the primers amplify a 
regions including both entire NCRs and the 3' and 5' ends. 

Referring now to Figures lc and 3c, it will be seen that the first NCR 22 
includes a first primer binding site (TBS") 26. It is to this site that an 
amplification primer 28 will bind as is discussed below. In addition, second 
NCR 24 includes a site 30 which contains a sequence identical to that of a 
second primer 32 (see Figures le and 3e). As is well understood in the art of 
PCR, the site 30 is complementary to a second primer binding site or PBS 34 as 
shown in Figures Id, le, 3d and 3e. For this reason, the site 30 may be referred 
to as ^'the second PBS' site" the "prime" designation being a common way to 
identify a complement. 

It is important for multiplexing according to the invention that the first 
and second PBS be the same for each SPR. While exact sequence identity is not 
essential- primers can be made to hybridize and extend on templates with 
some mismatches- there is no reason not to utilize exact identity. Since target 
specificity lies in the 5' and 3' ends (14,16) of the SPR, the remainder of the 
polynucleotide need not have unnecessary variance. In this way a common set 
of primers is used to amplify the SPR, but amplification results only if the split 
probe has been joined to form the ligation junction. 

Both the first and second NCRs 22, 24 may also contain other specialized 
sequences for various purposes, such as to facilitate separation and/or detection 
of hybrid complexes. These are discussed in more detail below. 

Once a ligated probe 18, 58 is formed, it serves as a new template for 
amplification by a pair of common primers. Prior to amplifying this template 
however, it may be preferable to separate ligated probe from unligated SPRs. ' 
This can be done by a number of techniques. For example, under hybridizing 
conditions the complex of ligated probe and target may be separated from the 
reaction mixture through the use of affinity members. Affinity members 
useful for this purpose include antibodies capable of recognizing duplex 
structures, and/or a capture hybridization probe specific for a different segment 
of the target strand. Alternatively, in the case of the dual SPR 50, an affinity 
agent attached to the polynucleotide 52 may also be used for this purpose 
Although this affinity mechanism will isolate both ligated and unligated split 
probe halves 52, it will at least remove unligated split half 51 which is more 
likely to generate background than half 52. 
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ungated and uncomplexed sm^tZZl k eP " i " i0n ^ ^"ding 
to attack p ol ynucleo,iL fa^S^t^ tonu *— « » 
« ft. ligated continuous probe j^ 05 *" but «*• are no exposed ends in 

perforin „" P^ft^^' "« "* *»— <* 
». addition o/ reagent s^ieTo^" '""^ ™* Ste P -V -olve 
*. amplification reagent may have Z SUiW " e Potions. 

under hybridizing conditions^ tLTfi^n "l" fc >""»« 

PBS 26 located in the firs, NCR £ ^C^T " ^ * fe ' 

extension and suitable nucleotid. « >. m ^ for '"during 

*. %ated probe as it CT^' " * — — -4 

* - is shown in Figures le. Ig, 3e and 3g CI, T K!tenSi ° n produ « 
annealing and extension are performed T ^ d «atenon, 
<° hybridize to .igafcd probe ^ to . ~" ° f ** P ri ™» » continue 

* Rgures Ig. Ih . 3 g and 3h h Z£l T 'T*™ "« ta * 36 - 

w«. include a seeono PBS H " *" "* eXtenSi °" !»*« 36 
30 tend in me second NCR 1^1*7™°"°™ *" *- W site 

— ZZ^ZZ primer 32 

of "n agent for inducing extension and nucleoridTt t 1 ' " *' PreSenM 
fended to form second extension product £ 1 w 7 * ^ * 
those skiHed in ft. art ft at e x,ens,on p,o=u c 3 * 

In Figures 2a to 2h and 4a to 4h « k . R reac «°ns. 

as they would occur in the absll of Ur l«T J"" ' ° f ««• 

1* Probe ,o including toe y end 14 ,ldT * ^ TOntte «°- 

and the second NCR 24. Similarly ftaur. * u " "* ** firet NCR * 
*. 5- end ,4. the 3' end ,6. ft firsi NcTs'lT ° SPR 50 taduto S 
absence o, target, no ligation T* NCR «• >" 

4b. If unligated SPR is no, separat^ou, Z,1 " t, " HgUre5 a — 
is shown in Figures 2c and 4c and. t Z^LT" ! amMl *° its PB S 26 
extension product 66 is formed Bu ? *** 2 " md 4d " a P«U 

~n P rodu« is i„comp, ele ^"5^' ft ~ $ 
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spht probe 10 and split probe half 51 will continue in subsequent cycles to 
provide a PBS 26 for first primer 28 and multiple incomplete extension 
products 66 will be formed as is shown in Figures 2e, 2f, 4e and 4f In the 
absence of extension across the ligation junction, extension product 66 will 
never contain the second PBS 34 which would permit hybridization and 
extension of the second primer 32. Thus, as shown in Figures 2g, 2h, 4g and 4h 
there will be no second extension product whatsoever and, thus, no 
exponential amplification. 

The great advantage of the present invention is that each split probe 
reagent can be designed to include 3' and 5 1 ends which are specific for a 
particular target, while including in their NCRs two sequences that ensure 
PBSs which are common to a plurality of SPRs. In this manner, a single set of 
common primers, and a single set of amplification conditions which are 
optimized for the common primers, can be used to amplify a plurality of tareet 
sequences without sacrificing or compromising the efficiency of amplification 
Double-stranded amplification products are generated only in the presence of ' 
the specific target of interest, which causes formation of the ligation junction 
Accordmgly, even under common, simultaneous reaction conditions, a specific 
SPR will be amplified only if its specific and unique target was present initially 
to cause ligation of the split probe reagent. 

Detection of the target sequence(s) proceeds according to any known 
method for detecting the amplification products of a PCR. Several possible 
methods are discussed below, keeping in mind the requirements imposed by 
multiplex assays. The first consideration is whether or not it is necessary in a 
particular case to differentiate among the targets detected in a multiplex assay 
Dependmg on the targets, differentiation may not be require. For example 
multiplex assays may be performed to detect MV-1 and HIV-2, but the 
practitioner may need to know only whether either is present.' Similarly a 
practitioner may need to know only that a patient is infected with a "high-risk" 
HPV type, not whether it is type 16, type 18 or type 33. In these cases it is 
uneccesary to differentiate among the various targets and a generic detection 
scheme may be used. 

In contrast, when the practitioner needs to differentiate the targets a 
dominating detection scheme is required. For example, in genetic testing it 
may be necessary to know which of two or more alleles is present. In such cases 
where discriminating detection is desired in heterogeneous assays, it is 
preferred to use a capture system and label system such that at least one 
(capture or label) system is unique for each target and specific for the 
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am Pf a " i °n Produce made in the presence of , 

»* * common to a„ targe* or ^ ,^ e °L1: e 8et ' ^ °' her 

Several methods of uniaue ~ n h,» , 
«*h » immobih^ or i-nmcliSe p " o ;^°7 *"* ""bridi^tion 
• segment of the SPR <„ amplification ™ ^ pl ~y * a u* que 
segment may be the tareet m^s, " aatheKm " a >- Such a unique 

By using unique capture to physic^ 1 I ^ *" * ^ 

. _ -b- can be aaached to all ve, th. ^I'"™ ""*« **e*. 

a common 

"> separation. etsare *»nma«ed on the basis of spatia! 

Unique labels include labels that can h. a « 
basis of waveleng* finduding colori^ *«■«. "* as on the 

'abefc can differentiate, as can^p^T^ ' TT »™< 
wavelength. „ may be sim ^« ^em-lunuphores of varying 

5 employ a common label/deLion - ' "Preparation and 

nucroparticles which can be oh™- T exam P k . bead, or 

■nay be used as a solid phase. Separable so'lioT * ' fieid ' *•> 

specific binding member that. diL* ' ° h "* "* ^ wi * • 

therefrom). After amplification a r H iZh", ™ am P<'«ea«on produce 
Phases are separated and a ^ZTZ^ut * ^ «** 

overlap with me primer ~ 4 

be less desirable due to potential mterfe^ce 17""°" * ** ^ 
4**. segment, preferably between CZ'Z ST A 
downstream from the PBS' secuence) as ■ «h ga "° n iUntti °n. <and 

Alternatively, a common capW or de ' , " E * am P le >• is Purred, 
via the primer, Since the pC«s a « C ° mPOnen ' * iMrodu «< 

specific binding member ..^^7 '° * ^ ' «— « Urt or 
*>r examp,e, ehe primers may coneT^P " «/» amP,ifiCaHOn 
oeherwise coupled to specific binding membl ^ * bioto y'«ed or 
•erminus. Techniques for so !abeZ ^ril " Wy " " *«r y 
Prom ,he above discussion ^ ^T"" * "» 

-~ can be ^ in SPfo t0 js-^xa: r 
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Such fences may J ^0^^ " ^ ^ ' 
5 needed, but at least on , ! T Wh ' re dis "inunaHon is not 

is desired. ' "* "<""" *»" * «<*» where discretion 

^e. specific regions or nt ^LT^T* " ^ ^ ^ 
1 °- a gel, i, is possible ,0 different™ 7*T Wi " be ™ 

molecular weigh,, as is weutTwnF ^ ° f ** ""»* <"><"°r 

targe. Sebright haTe 3^ ' ' ** 

NCRs of 20 bases each with theTsL Z 1 I "* ^ fet and "««• 
amplification product leng^ ^ A *£? ""^ ** * *»" 
nave 15 base 3' and 5' en£ and a „™ 5*, ^ ^ ak ° 
second SPR. however, has a 30 b N ^ ** 71,6 

upstream of the PBS. This enJ« T?£ ' *** 10 bases 

second SPR will be 80 t*£T d « ^amplification prod(icts Qf 

SnnUarlv, a third (an^ X-O^ntM ^ °' fe ' SPR 
individual target and compla"! .^J 7" 5 ' ^ « 

in length for each distinct SPR xL >„ f i " Sertons - ^ 

routine ,0 discrete ^^JSg^T* h ^ 2 " '3 fair,/ 

200 total bases. Such eels mav l»TT! ""^ * the ran S e of » to 

■-id, or by empio^Zptr^rr such as e,hidium 

disclosed in US. Patent 4 751 17 Z s \ T < * P ' U " probes " * 

detecnon p ro be as is ^l^vItZ^T^ 

variations include virtually any order oftlT f « »<• Other 

preferably using isolation on /J^^£ 4f «"««" 

a« are readiiy able ,0 devise varying oXs 0 1"^ ^ Skilkd in *• 

needs, and varying captu re /de,«tio n ^ ~ '° "* ** 
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• at least one SPR for each desired target nucleic a HH 
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COmmon P^taer having a sequence comni 
common PBS ta ^ tet ^ < U ™* complement t0 me fiK , 

having a sequence identical to ft,^ C °" nm °" Pnmer 

of the SPR me 5econd p BS' »te in the second NCR 

' « agent for inducing extension 

thermostable polymerase; and P o| y<erase. preferably a 

Ideall'v a d 1 T XynUCte0,ide W P««Phat«. 
laeauy, all reagents may be presents , .• ■ 

P^CicaUy, i, may be JL^T^Tf! "* *" ^ M °" 

«•*«>*. For example, eroymeLlT, ^ 0 ^ 1 ^^""^ 
Nation of a required ^Tmav " " aaiVated * °< 

means for detection, such as captured T " dude **•» 

and/or subsfra.es. Additional £ to ™ "'f - P rob «- er.yme labels 
"Paranon „ %ate d probe comics " "** for ■>**» or 



The invention will now be desert bv . 
serve to iUustrate the invention. tJZZ^T ^ ™™P** «** 
temperatures, and number of am D M^ ""f" 10 " 5 ' times and 

«amp,e on.y. Opnmi.aHon 0 e^L "7 T" ^ *» *- 

A HPV 18 specific split probe reaeenl fSFn m 
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A common PGR primer A (SEQ ID NO. 4) having the sequence: 

5 ' -GATGAGTTCG TGTCCGTACA - 3 • • 

A common PGR primer B (SEQ ID NO. 5) having the sequence- 

5 • -GGTTATCGAA ATCAGCCACA G-3 • • and 

A generic detection probe (SEQ ID NO. 6) having the sequence: 

5 • -TGGAGGAGTC CATGACGAAA-3 ' 

In the three SPRs (SEQ ID NOs i.q.-th. i- 

a ipty il> NO. 4) is complementary to the first italiri*»H — 
primer B fSEO m wn c\ • -j . , italicized sequence; 

** - *e detecnon probe (SEQ i m ft S ^^^^»« * 
complementary ^ of ^ ^ ^ ^ y »*«* ft 

probe sequence are derived from bacteriophage » e d "^on 

Indivtdual reactions containing either no HPV DNA or various 
concentrations of HPV 16, HPV 18 or HPV « nia. various 

*Cfc 20 - 5 0 mM KC. 0,- 10 ^ NAD/ ATP cofacto, DNA ,i^e 

co^d o £c £ T U ' e 10 d r a,Ure d ° Ub,e Stand<!d ™ dei < » « 

me reactions are then heated to 100°C for 10 mi„ ^ • 
Hgase if desired. m,n ' to mactlv *te the 

Reactions are then diluted to 100 ul fr>r ppi? ,~ i r 
conditions are 20 -50 mM Tris P H £££ ^HS^T£ 
£ch dATP, dCTP, aGTP, TTP, 0.001 % (w/v , g e.a„n, abouUuM S, cl^n 
PCR pnmers A and B (SEQ ID NOs. 4-5) and ,-5 units 7*, DNA po3T 
Reasons are cycled for 40 cycles of consisting o/ 1 minutl a, 95-C c 
and 1 min. at 65°C minute at 95 C. 1 mm at 55«C 
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After amplification, reaction products are visualized foil™ • 
probe and HPV target are present ^ ^ Wl >» *• Proper Split 

^ J .Z^Tto:^^ h P « -e mixed 

ahquot is then electrophoresed Aroueh a loy l 7 ° *" ^ nun - 

gel Hybridization o, L probe to raf "lr£ ""*"■«''*« Polyaaylamide 

autoradiography, Once ^aS^SSrST " 

when the proper split p i e ^ HPV ZSTjZZZZr** 

6 arc P re *ent in the same reaction 

Sample: Multiplex amplification of sections of the CPr* 

detection of Cystic Fibrosis motions ^ gCTe 3nd 

Cystic fibrosis ("CF") is caused by mutations in the Cystic Fibred 
Transmembrane Conductance Regulator (CFTR) Gene Z^n I ? 
Genomic DNA seaunr. n t a • v ^ r1 *' oene - Zielenski, et al. 

coLon.»rCT a! r mCS f "* ^ ^ ""**« — 

Phenyl wh K „ OKUre po s ^~ZotaT<Sr *? !"V 
speciSes a G to A change a, DNA posifon 1784 caZ^ ^ P GS5,D 
normany glycine „ ^ " ^^"^ " * 

- a mtao acid a, po^ 128 , ^ J££ 

Each of the following polynucleotides is synthesized- 

Gs5lD s P ecific S P«* Probe reagent (SEQ ID NO 7) havL a 
5'-ICTCcactca rrrTr^^ ' havm S sequence: 

^ ft ^^rr CTCTTGTACG GACACGAACT CATCCTCTGG 
TTA TCGAAAT CAGCCACAGC TCTTGGAGGA GTCCATGACG AAACTCTAAA 

A W 1282 X specific split probe reagent (SEQ ID NO 8) having m 

GGTTATCOM ATCAGCCACA GCTCTTGGAG GAGTCCATGA CGA*^ 
ACTGATTGCC CGTCTCTC TA CTTraaa^ rt T^T 
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A AF 508 specific split probe reagent (SEQ ID NO. 9) having the sequence- 

5 -ATSATftTTTT CTTTftft'TW nrr CTCTTGT ACGGACACGA ACTCATCCTC 
TGGTTATCGA AATCAGCCAC AGCTCTTGGA GGAGTCCATG ACGAAAGATG 
AACTCATTCCJCGTCTCCGC TCGCTGGGTG AACAACCTCT TATATrr^ 

A common PCR primer A (SEQ ID NO. 4) having the sequence: 

5 ' -GATGAGTTCG TGTCCGTACA-3 • • 

A common PCR primer B (SEQ ID NO. 5) having the sequence: 

5 ' -GGTTATCGAA ATCAGCCACA G-3 • ; 

A G551D detection probe (SEQ ID NO. 10): 

5 ' -AAAGAAATTC TTGCTCGTTG ATCTCCACTC AGTGTGATTC C-3 • • 

A W 128 2X detection probe (SEQ ID NO. 11): 

5 ' -ACTCCAAAGG CTTTCCTTCA CTGTTGCAAA GTTATTGAAT-3 ' • and 
A AF508 detection probe (SEQ ID NO. 12): 

5 ' - TATATTCATC ATAGGAAACA CCAATGATAT TTTCTTTAAT GGTGCC-3 • . 

In the three SPRs (SEQ ID NOs 7-9) the underlined portions represent 
tfieS end and 3' end which are specific for the respective mutations in the 
CFTR gene. The detection probes (SEQ ID NOs 10-12) are designed to hybridize 
with these underlined regions once the ends are ligated. The 5' end of each 

f^or^ 10 7 " 9) * P hos P hoi y lated to P™*e a Hgatable end. Primer A 
(Ivn n m« t } " C ° mplementar y to the first i^licized sequence and primer B 
(bfcQ ID NO. 5) is identical to the second italicized sequence since it like 
segment 30 (figures 1c and 2c), is a PBS' site. The primer sequences and the 
differential length insertion sequences are derived from bacteriophage lambda 

Individual reactions including genomic DNA containing either the 
G551D, the W 1282 X or the AF 50 b mutation within the CF gene are incubated 
with each SPR (SEQ ID NOs. 7-9). The reaction contains 10-50 mM Tris pH 8 3 
1-5 mM MgCl 2 , 20-50 mM KC1, 0.1-10 uM NAD/ATP cofactor, 1-5 units of DNA 
hgase and approximately 15-30 nM of SPR in a volume of 50 ul. The reactions 
are heated to 95°C for 1 minute to denature all double stranded nucleic acid 
and cooled to 55'C for 1-60 min. to allow the split probes to anneal to their ' 
respective mutant targets. When annealed to the proper mutant target 
sequence, DNA ligase will join the 5" and y ends of the split probe to produce a 
circular molecule. The reactions are then heated to 100°C for 10 min to 
inactivate the ligase. 
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• Keacnonsarecydedfor* ^2^* DNA '"*~ 

»<i 1 ah. ., « ^ °' COnsBhn 8 °' > -"taute a, 95-C. ! min „ 5S . C 

bromide, rne predic £ ^ ^« f ^ 

1 to the W lajX mutation and Lbp for 11 It 551 0 «*>P 

,he proper split probe X jl J r !^ "»*'«« M only 
"me reaction. """ant target sequence are present in the 

In an alternative detection method PCR 
b> 'Virtue of a specific hybridization capmre^H PWta * 416 1— 

"bel. Thus. prf^ A is bionnylatedTb s f * ~™"°n 

-ction ta above, unlig„ed i^t £ ' "'"^ - ««»*» 
- ported no « to ac, on circularized oX tlr" 8 am *~ ^ 
*e bionnyiated primer ^ mco^^*' 0 " P — * " 
Pnmer A. Each of the detection probes (So m Pr0dUCtS ° f * e tet 

discrete spots in a linear array JKf? ° ,M2) * *«« onto three 
? * cut into ^"1^.°' ^"f- - *«■ The sheet 

detector probe. The three strips .„ mcub td" 3 ** f ° r «* 

with amolifcd reaction samples from „ T" ****** «««**>« 

with c=---^ r P om mdlvld «a patients ac 

wtn s„., pj! fton, , patiem h mu L f °" OWS: stri P 1 

from a patient having the W„„x m ,l^ , ' SW? 2 witn s ™ole 
p.h'en, having the J S08 J^on ™^ « «P 3 with sam ple from a 
washed and incubated with a colgt, "Z " ** **• m •«* 
a rinse, the strips are observed J^ ^r ^ ^^ g °' d - F °"°wing 
of *e spot, On each strip, only thtrTh" 1 « each 

<he patient's mutation should Z * J£ ™ 8 d ^ for 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION : 



(i) 



APPLICANT: 



John J. Carrino 



OF INVENTION: Method of Multiplex Amplifi 



(iii) NUMBER OF SEQUENCES: 12 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Abbott Laboratories 

(B) STREET: 100 Abbott Park Road 

(C) CITY: Abbott Park 

(D) STATE: Illinois 

(E) COUNTRY: USA 

(F) ZIP: 60064-3500 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: Apple Macintosh Ilci 

(C) OPERATING SYSTEM: System 7.0 1 

(D) SOFTWARE: MS Word 

(vi; CURRENT APPLICATION DATA: 
(A) APPLICATION NUMBER: ' 
(B> FILING DATE: 
(C) CLASSIFICATION: 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Thomas D. Brainard 

(B) REGISTRATION NUMBER: 32,459 

(C) ATTORNEY DOCKET NUMBER: 5626. US. 01 

(ix) TELECOMMUNICATION INFORMATION- 

(A) TELEPHONE: 708/937-4684 

(B) TELEFAX: 708/936-2623 

(C) TELEX : 

(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 127 base pairs * 

(B) TYPE: nucleic acid 
<C) STRANDEDNESS : single 
CD) TOPOLOGY: linear 

(ii) MOLECULE TYPE: synthetic DNA 

(Xi) .SEQUENCE DESCRIPTION; SEQ ID NO:l: 



(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 127 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: synthetic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO* 2- 




TCTGGTTATC 
TCCACACCTG 



60 
120 
127 
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(A J LENGTH: 137 k 1 S: 
< C J STRANDEDNESS , 

AGGATACTTG TT> : 
GAAATCAGCC ISSSS^ ^GTGCTCTT GTACGG^,, 

(B) TYPE- n , ** se P«irs 

<*i> SEV -v-r ^ : synthetic 

f2 > INFORMATION Pop «.« • 

(B> TYPE- J, 1 ^ Se P»i" 

STRANDEDNESS ■ si,,,,, 
(D) TOPOLOGY, if; Sln 9 1 e 

H) MOLECULE TYPP.' n ** r 

SEQUENCE DESCRX^I^ 0 ^ 
-TTATCWA ATCAGCCACA G 

(A) LENGTH. 20 k^* C ~ : 

(B) TYPE • „J, Pai « 
tr\ nue leic acid 
< c > STRANDEDNESS. «• , 

.... <») TOPOLOGY ff„ Sln3le 
ID MOLECULE TYPP.' J " ear 
(Xi> SE0U ^E DESC R1P S et « 0 ^A 

TGGAGGAGTC M , »«0:6: 
i^AGTC CATGACGAAA 

C2 > INFORMATION FOR «d« „ 

/r» nu cleic acid 

<C) STRANDEDNESS: 5 i«„, 
... fD) TOPOLOGY- li^ 51nsle 
ID MOLECULE TYpp" " e * r 

<Xi) SE0UE ^E DESCRlSS 6 ^™* 

S EQ ID N0:7 : 
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SSS2 SEE S552S 2ESK S2SSS SSS3T 

1 X 8 

(2) INFORMATION FOR SEQ ID NO: 8- 

(i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 137 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

x? 2SS£ ™ s s y" th "ic DNA 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

JSSS JSSS2 SSSS2 SSSSSi TOraw °™»«* 

CTCCAAAGGC TTTCCTT CGAAAGATGA ACTGATTGCC CGTCTCTCTA 

137 

(2) INFORMATION FOR SEQ ID NO- 9- 

(i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 163 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY.- linear 

(if ) MOLECULE TYPE : synth«ic DNA 

(XI) SEQUENCE DESCRIPTION : SEQ ID NO: S : 

KSSS SS SSSSSSS ISS25; iS**** 

TCGCTGGGTG AACAACCTCT TATARS ^ATTGC CCGTCTCCGC J 0 

163 

* * * __ ^^^^ 

SEQ ID NO: 10- 
(1) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 41 base pairs 

(B) TYPE: nucleic ac^d 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

" «" CDLE TYPE: synthetic DNA 
,X1) SEQUENCE DESCRIPTION: SEQ ID NO:10: 

AAAGAAATTC TTGCTCGTTG ATCTCCACTC AGTGTGATTC C 

41 

(2) INFORMATION FOR SEQ ID NO- 11- 
(i) SEQUENCE CHARACTERISTICS- 
.(A) LENGTH: 40 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
(DJ TOPOLOGY: linear 

Ui) MOLECULE TYPE: synthetic DNA 

(XD SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

ACTCCAAAGG CTTTCCTTCA CTGTTGCAAA GTTATTGAAT 

40 

(2) INFORMATION FOR SEQ ID NO 12- 
(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 46 base pairs 

(B) TYPE.- nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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What is Claimprf 

comprising: A melh ° d aD,Plifyin8 * target " UdeiC add »*— 
(a) forming , reaction ^ nybridi2mg 

tar«, «1 * S T Pk SUSpeCted °' """"""V » «"g« «nnd with a 

25 °' * Br <" ~ -» — * 

Hi) at leas, one split pro be reagent having a 5- end 
commentary to a first segment of the target strand and , 3' end 

segment bemg sufficiently near the firs, segment such that 5' end can be 
lotned to the 3' end when the s P a, probe reagent is hybridized 

oT Tt " 5aid S ' » d * °«* « "n two lit, 
polynudeowes or on different ends of one continuous polynu^ide- 

the split probe reagent furthe- havi™ a «• » /"""eonae, 
■ocated downstream of Z^ JZ! ™P'«™ region 

a " and not complementary to the tareet 

end and not complementary to the target strand; and 
probe reagent" ^or iigating together said 3' and 5' ends of the split 
tt>) Iigating together said 3' and 5' end* of tk„ 

srstr *~ — — -~ ■ ssr^ wwle 

(c) separating the ligated probe from the target strand; 

(d) treating the reaction mixture under hybridizing conditions with- 
ft) an excess of amplification primers wherein a first primer ' 

£T, C ° mp,emen,ar >' 10 ■ P*™ binding site ("PBS") located 
» -d f.rs, non-complementary region; and wherein a second 'toer 
has » sequence identical to a site , W ", located in said SKO J™' 
commentary region, with the proviso ft., if said spU, probe rein, is 
continuous me PBS .ocated in said firs, non-compiemenury re^ T 
upstream of said PBS' located in »««ary region is 

fin ? , d SeCOnd non <°niplementary region- 

al) a supply 0 f deoxynucleotide triphosphates; and * 
(in) an agent for inducing extension of the primers- 

therefrom; *" *" **** * *»» « ~» 
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seoarate „ri trMtog reaCti0n nUX,Ure Under d « n «^»g conditions lo 
separate primer extension products from their templates- 

anneal tfL „ ? re<,Cli0n DU, " Ure M-MMt, conditions to 

anneal the pnmers to the ligated probe or to extension product of the Br* 
pnmer and extending , he primer5 to lom ^ ^ J££? 

tomJ' , ^ meth ° d "*"" 1 fUrthM ""Prising a step of detectme the 

- - " producB haw - " teLd - 

3. The method of claim 2 wherein said split probe reagent includes: 

,„ ■ JL <a) " fUr * W se S ment ^ving a unique sequence that is 

by a labeled probe or a capture probe Jis unique for »p"fic 

total .pn^K f } * fUrther Se8ment havin 8 a defined ^ngth such that the 

total length of extension product form-d therpfm™ . ■ - 

target sequence. herefrom is unique tor a specific 

one J- r 

polynucleotide loop is formed. continuous 

- of s^ ,t:r 0 i jest* • prior ,o - s « 

combes from unhyb^d ^X^i. 

6- The method of claim 5 wherein said split probe ™ • 

-continuous poiynudeotide and wherein said aLZ^, Z °%T 
comprises selectively degrading unligated split probe reagent. ' 

identicl, seqlnce?* 0 " °' ^ ' ^ "* » d — «• P-ers have 

8. The method of claim 1 wherein a plurality of solit nmh. 
^d in the same reacHon mixture, each s P l prZ^ ^JlZZ 

lo™S"~ " t /*» 9 " 1 firet "on-complementary region and the PBS' site 
toM m satd second non-complementary region, whereby each such split 
probe reagent, once iigated. is amplified by a common primer set. ? 
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9. A kit for amplifying a target nucleic acid sequence comprising in 
one or more containers: 

(a) at least one split probe reagent having a 5' end complementary to a 
first segment of the target strand and a 3' end complementary to a second 
segment of the target strand, the second segment being sufficiently near the first 
segment such that 5' end can be joined to the 3' end when the split probe 
reagent is hybridized with the target strand, wherein said 5' end and said 3' end 
are on two distinct polynucleotides or on different ends of one continuous 
polynucleotide; the split probe reagent further having a first non- 
complementary region located downstream of the 5' end and not 
complementary to the target strand, and a second non-complementary region 
located upstream of the 3' end and not complementary to the target strand 

(b) an agent for ligating together said 3' and 5' ends of the split probe 
reagent; r 

(0 an excess of primers wherein a first primer has a sequence 
complementary to a primer binding site CTBS") located in said first non- 
complementary region; and wherein a second pnmer has a sequence identical 
to a sue CTB^ ") located in said second non-complementary region, with the 

£3^ d r ^ Pr ° be r€agem 18 C ° ntinU0US - Poinding site 
located in said first non-complementary region is upstream of said site located 
in said second non-complementary region; 

(d) a supply of deoxynudeotide triphosphates; and 

(e) an agent for inducing extension of the primers. 

p„h r; ° f ^ 9 COm P risin S a P lura % °' split probe reagents, 

each spht probe reagent having 5' and 3' ends complementary to a different 
target sequences and each having in common the PBS located in said first non- 
complementary region and the PBS' site located in said second non- 
complementary region, whereby each such split probe reagent, once ligated, can 
be amplified by a common primer set. 
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